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ABSTRACT
Cohort analysis (Pope 1972) was used to exam ne the abundance of Pacific
herring in the eastern Bering Sea between 1959 and 1981. The results of the
anal ysis show that herring abundance declined through the 1960's, going from a
high of 1.7 mlliont in 1962 to 153 thousand t in 1973. Since 1973 herring

abundance has been increasing.
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[ NTRODUCTI ON

Pacific herring (O upea harengus pallasi) of the eastern Bering Sea have

been exploited since 1959, first in a winter food fishery by Japanese and
Soviet fisheries and in nore recent years by a US. spring-sumer roe fishery.
Very little quantitative fishery or research data is available prior to the
establ i shment of the United States fishery conservation zone. An unpublished
manuscri pt, Naunenko (1979), was presented by Soviet scientists at the 1979
US -US SR bilateral scientific discussions which contained data and

anal yses based on Soviet fisheries from 1960-78. He deternined that the
average spawning biomass during 1961-78 was 289 thousand netric tons (t)

and ranged between 133 and 445 thousand t.

Naunenko's anal ysis cannot be totally validated, as some of his proce-
dures and assunptions were not clearly defined and sone of the basic data used
in the analysis were onitted. However, data in his paper can be used to exanine
the history of eastern Bering Sea herring. This report summarizes the results
of a cohort analysis (Pope 1972) utilizing Soviet and Al aska Departnent of

Fish and Game (ADFG age conposition data.

METHODS
Cohort anal ysis estinmates the popul ati on abundance of a year class in

precedi ng years using catch data and natural nortality (M estimtes. The
catch data used are those contained in the Bering Chuckchi-Sea herring fishery
managenment plan (North Pacific Fishery Minagerment Council 1982). Catches
from 1959-77 were converted from weight (t) to numbers (Table 1) by dividing
the catch by the estimated annual mean weight. The estimated total nunber of
herring in the catch were then apportioned to age using the catch age conposi -

tion (Table 2). Annual nean weights were estimated by nmultiplying the catch



Table 1.--Catch (nunber of fish) of Pacific herring in the Bering-Chukchi Sea,
1959- 81.
1959 1960 1961 1962 1963 1964
1 47,891 47,545 108,951 2,057,834 0 0
2 8,362,821 1,079,208 384,434 23,608,897 687,728 0
3 23,666,215 15,449,709 6,022,799 19,272,569 12,894,903 1,325,105
4 853,349 24,651,374 60,868,711 19,272,569 12,894,903 3,533,613
5 5,802,774 3,351,224 32,805,031 93,231,052 12,894,903 3,533,613
6 7,168,132 7,384,052 13,198,900 52,276,844 91,639,776 1,987,657
7 3,072,056 2,896,820 6,535,377 16,863,498 22,351,165 24,072,737
8 6,485,453 1,249,609 4,356,918 8,431,749 12,894,903 5,521,270
9 853,349 624,804 2,691,038 4,577,235 4,126,369 1,766,806
10 0 56,800 1,153,302 963,628 1,547,389 883, 404
Age 1965 1966 1967 1968 1969 1970
1 0] 0 302,777 2,248,175 0 0]
2 1,223,514 0 0 15,278,441 134,542,527 853,271
3 . 3,460,796 265,294 1,349,252 31,066,163 49,118,700 165,961,211
4 3,495,754 4,539,471 1,686,565 41,761,072 13,881,372 78,927,569
5 4,789,183 1,709,670 16,865,651 35,649,696 13,881,372 24,318,223
6 3,950,202 5,954,371 4,047,757 198,619,733 40,042,419 22,185,046
7 6,362,272 2,269,736 3,035,817 27,501,194 163,373,068 29,437,850
8 11,326,241 4,539,471 5,059,695 28,519,756 = 30,966,137 62,715,419
9 279,660 8,489,400 13,155,208 30,556,882 26,161,047 13,225,701
10 69,915 1,709,670 19,226,842 67,734,422 20,822,058 15,358,878
Age 1971 1972 1973 1974 1975 1976
1 0] 197,872 467,597 2,238,725 3,357,313 139,401
2 8,545,044 3,537,149 18,033,162 34,649,641 4,894,121 49,741,422
3 14,117,898 47,397,789 27,217,755 10,903,733 25,262,305 31,088,389
4 144,522,694 58,245,045 18,145,170 16,719,057 1,583,392 87,738,342
5 28,235,796 123,092,767 8,736,563 13,690,243 4,822,150 345,426
6 30,836,462 2,122,289 37,970,448 14,538,311 11,875,442 172,713
7 21,176,847 0 1,120,072 23,382,450 8,204,851 345,426
8 33,437,127 471,620 - 224,014 3,149,968 11,227,691 518,140
9 69,103,396 235,810 0 969,220 143,945 2,417,986
10 - 7,430,472 471,620 0 363,458 0 172,713
Age 1977 1978 1979 1980 1981
1 0 0 0 0 0
2 84,482 0 0 0 0
3 41,903,142 4,542,907 15,805,743 729,663 502,326
4 8,110,286 64,274,334 6,743,111 5,033,342 43,952,459
5 29,061,856 23,825,255 35,120,822 1,731,548 11,345,412
6 422,411 6,773,218 14,955,502 50,901,386 1,497,692
7 591,375 952,748 6,136,127 32,529,100 13,829,491
8 1,098, 268 813,551 421,698 8,197,040 4,966,154
9 675,857 117,090 536,962 1,782,780 2,931,157
10 2,534,464 0 0 0 0




Table 2.--Catch-age conposition, and nean weights for eastern Bering Sea Pacific herring, 1959-81.
Year
(April- Mean wt. Catch
March) Age composition numbers of fish (%) (g) (t)
1 2 3 4 5 6 7 8 9 10 11 12
1959 0.001 0.147 0.416 .0.015 0.102 0O.126 0.054 0.114 0.015 0.000 0.003 0.006 209 10,000
1960 0.001 0.019 0.272 0.434 0.059 0.130 0.051 0.022 0.011 0.001 0.000 0.000 206 9,800
1961 0.001 0.003 0.047 0.475 0.256 0.103 0.051 0.034 0.021 0.009 0.000 0.000 224 24,450
1962 0.010 0.098 0.080 0.080 0.387 0.217 0.070 0.035 0.019 0.004 0.000 0.000 229 47,060
1963 0.000 0.004 0.075 0.075 0.075 0.533 0.130 0.075 0.024 0.009 0.000 0.000 260 38,950
1964 0.000 0.000 0.030 0.080 0.080 0.045 0.545 0.125 0.040 0.020 0.030 0.005 291 11,380
1965 0.000 0.035 0.099 0.100 0.137 0.113 0.182 0.324 0.008 0.002 0.000 0.000 266 8,117
1966 0.000 0.000 0.009 0.154 0.058 0.202 0.077 0,154 0.288 0.058 0.000 0.000 299 7,831
1967 0.005 0.000 0.020 0.025 0.250 0.060 0.045 0.075 0.195 0.285 0.030 0.011 321 19,438
1968 0.005 0.030 0.061 0.082 0.070 0.390 0.054 0.056 0.060 0.133 0.045 0.013 283 127,137
1969 0.000 0.252 0.092 0.026 0.026 0.075 0.306 0.058 0.049 0.039 0.070 0.007 254 118,123
1970 0.000 0.002 0.389 0.185 0.057 0.052 0.069 0.147 0.031 0.036 0.018 0.014 234 85,979
1971 0.000 0.023 0.038 0.389 0.076 ©0.083 0.057 0.090 0.186 0.020 0.030 0.008 263 85,310
1972 0.001 0.015 0.201 0.247 0.522 0.009 0.000 0.002 0.001 0.002 0.000 0.000 207 40,905
1973 0.005 0.161 0.243 0.162 0.078 0.339 0.010 0.002 0.000 0.000 0.000 0.000 203 18,985
1974 0.022 0.286 0.090 0.138 0.113 0.120 0.193 0.026 0.008 0.003 0.000 0.000 208 21,153
1975 0.055 0.068 0.351 0.022 0.067 0.165 0.114 0.156 0.002 0.000 0.000 0.000 220 13,424
1976 0.001 0.288 0.180 0.508 0.002 0.001 0.002 0.003 0.014 0.001 0.000 0.000 174 24,222
1977 0.000 0.001 0.496 0.096 0.344 0.005 0.007 0.013 0.008 0.030 0.000 0.000 201 14,144
1978 0.000 0.000 0.045 0.635 0.235 0.067 0.009 0.008 0.001 0.000 0.000 0.000 209 15,242
1979 0.000 0.000 0.198 0.085 0.441 0.188 0.077 0.005 0.007 0.000 0.000 0.000 226 15,074
1980 0.000 0.000 0.007 0.050 0.017 0.504 0.322 0.081 0.018 0.000 0.000 0.000 276 26,761
1981 0.000 0.000 0.006 0.556 0.144 0.019 0.175 0.063 0.037 0.000 0.000 0.000 234 17,652
Mean 0.005 0.062 0,150 0.201 0.156 0.154 0.113 0.073 0.045 0.028 0.010 0.003




age distribution by age specific weights derived froma regression of weights
collected during the 1978-81 roe fisheries on age (Clark 1978; MBride et al.
1981)(Figure 1). Catches from 1978 to 1981 were distributed using age conposi -
tion and weight data reported by Clark (1978), MBride et al. (1981), and
unpubl i shed ADFG data reports.

The second set of input data, natural nortality rates (M, are not well
defined for eastern Bering Sea herring. An approxination of average natural
nortality can be obtained using the Al verson and Carney (1975) procedure which

estinmates M by:

tmb

(1/k) In [(M + 3k)/M]
tmb = 0.25 maximum observed age

wher e k is the Von Bertalanffy growh coefficient.

Using k = 0.35 computed from back calculated |ength-at-age data (Shaboneev
1965) obtained when stocks were near virgin levels, and maxi num observed age =
15 years, the estimate of average instantaneous natural mortality = 0.39.
Regression anal ysis of catch conposition data (x = age, y = 1n [catch
age xl) resulted in a total instantaneous nortality (2) estimate of 0.57
(r?=.90) for ages 4-12 during 1959-81. Subtracting the estimted instan-
taneous natural nortality rate (.39) fromthese estimates indicates that
fishing nortality was 0.18 or 32% of total nmortality in fully recruited ages.
Age specific estimates of Z were estinated fromthe nean catch conposi -
tion of ages 4-12 as the 1In (N/N_.). The estimated Z for age 5 was
extrenely | ow because of its inordinately high catch proportion in 1980
due to failure of younger fish to enter the fishery in that year. An expo-
nential regression was fitted to the age specific Z estinmates followi ng the

adjustnent for age 5 (Figure 2). Age specific natural nortalities were
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Figure 1. --weight-at-age relationship derived fromvariable mesh gillnet
samples of Pacific herring collected by Al aska Department of Fish
and Game in the Togiak area of Bristol Bay during the spawning
period in 1978-81.
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Figure 2.--Age specific estimates of total nortality (Z) derived from the
1959-81 catch of Pacific herring in the eastern Bering Sea.
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estimated from fitted total mortality by assuning that fishing nortality
accounted for 32% of total nortality during the period of analysis. For ages
-2, fishing nortality (F) was assuned to be zero and Mfor ages 1-3 was
assumed equal to 0.25. Decaying a cohort by these rates shows nmaxi mum cohort
biomass at age 5 (Table 3). A maxinum at age 5 indicates that the estinated
rates are too low at least for ages 1-4, since cohort biomass peaks at age 3
and catches are observed to peak at age 4 (Naunenko 1979; North Pacific

Fi shery Management Council 1982).

To run a cohort analysis, estimates of F nmust be supplied for the ol dest
age of a year-class (Table 4). This involves all ages in the last year and
the oldest age in prior years. For the last year, 1981, initial termnal F
val ues of 0.10 were used for all ages. In subsequent runs, F values were
adjusted until the age distribution of the population estimate equalled the
age distribution of weighted 1981 ADFG test fish sanples. The weighted age
di stribution was derived by weighting the distribution of each sanple (spawning
area) by sample size. The weighted test fish sanples were further nodified by
maturity rates (1959-77 averages) to adjust for fish not recruited to the roe
fishery. The estimate of F for the last age of a year class in the catch was
set equal to the value conmputed for the immedi ate younger age in the same year
based on the assunption of equal catchability.

The actual cohort analysis is nunber based and results are in nunbers
of fish. However, to increase the conprehension of the output, estimates in
nunbers were converted to bionmass using regression derived weights (Figure
1). Spawni ng bi omasses were al so cal culated by nultiplying the bionmass at
age in each year by the corresponding maturity rate reported by Naunenko

(1979) (Tabl e 5).



Table 3.--Age specific estimates of total mortality (Z), natural nortality (M,
and the distribution of nunbers (N) and bi omass of a cohort of
Pacific herring decayed by these rates of natural nortality.

zl/ A M Cohort distribution
(Raw) (Fit) [68% Z(fit)] N Wt(kg)</ Biomass3/
0 1.23 1.23 1.23 1,000 -
1 0.25 0.25 0.25 292 .062 16.01
2 0.25 0.25 0.25 227 .096 19.28
3 0.25 0.25 0.25 177 .129 20.20
4 0.25 0.22 0.15 138 .162 20.76
5 0.01 0.27 -~ 0.18 ‘ 119 .196 21.34
6 0.31 0.34 0.23 99 «229 20.25
7 0.44 0.42 0.29 79 +263 18.04
8 0.48  0.53° 0.36 59 .296 14.67
9 0.47 0.67 0.45 41 .330 10.90
10 1.03 0.84 0.57 26 .363 7.19
11 1.20 1.04 .71 15 .396 4.25
12 3.35 1.31 .89 7 <430 2.00

1/ Ages 0-3 assumed rates

2/ Weight at age from Al aska Department of Fish and Gane test fishing
sanpl es

No(1-e™™
3/ Biomss =
M



Table 4. --Estimates of fishing mortality (F)

herring by age group within year.

of eastern Bering Sea Pacific

¥
o

1959

1960

1961

1962

1963

. 1964

1965

1966

1967

O WOV bWNoH

0.0000
0.0011
0.0147

. 0.0026

0.0265
0.0609
0.0701
0.2344
0.3029
0.0000

0.0000
0.0004
0.0027
0.0190
0.0123
0.0428
0.0335
0.0417
0.0389
0.0400

0.0001
0.,0005
0.0027
0.0132
0.0305
0.0619
0.0516
0.0735
0.1481
0.1300

0.0041
0.0362
0.0309
0.0107
0.0243
0.0626
0.1119
0.0992
0.1280
0.1000

0.0000
0.0018
0.0262
0.0260
0.0085
0.0302
0.0365
0.1339

0.0796

0.0800

0.0000
0.0000
0.0044
0.0089
0.0085
0.0016
0.0105
0.0128
0.0299
0.0300

0.0000
0.0031
0.0026
0.0142
0.0144
0.0118
0.0068
0.0069
0.0010
0.0020

0.0000
0.0000
0.0009
0.0042
0.0083
0.0224
0.0089
0.0067
0.0078
0.0100

0.0008,
0.0000
0.0079
0.0068
0.0188
0.0246
0.0151
0.0280
0.0298
0.0300

Ag

e

QWO NOULSs W H

1968

0.0015
0.0519
0.2277
0.3587
0.1853
0.3208
0.2473
0.2209
0.2977
0.3000

1969

0.0000
0.1186
0.2482
0.1503
0.1853
0.3295
0.5166
0.5747
0.4154
0.5000

1970

0.0000
0.0040
0.2225
0.8052
0.4081
0.5099
0.4653
0.4453
0.6879
0.7000

1971

0.0000
0.0480
0.0883
0.3080
0.7381
1.5340
1.7339
2.6796
2.6125
2.6000

1972

0.0015
0.0180
0.4306
0.6255
0.4499°
0.1062
0. 0000
0.1552
0.1550
0.1550

1973

0.0008
0.1973
0.1982
0.2899
0.1670
0.2422
0.0798
0.0486
0.0000
0.0000

1974

0.0029
0.0762
0.1855
0.1797
0.3555
0.4639
0.2471
0.3905
0.3900
0.3900

1975

0.0031
0.0083
0.0770
0.0368
0.0693
0.6062
0.5657
0.2061
0.0333
0.0000

1976

0.0030

0.0614

0.0706
0.4150
0.0097
0.0032
0.0319
0.0688
0.0768
0.0700

Age

—

OV IOHWULL DL WN K

1977

0.0000
0.0023
0.0710
0.0236
0.2243
0.0147
0.0142
0.1541
0.1500

0.1500

1978

0.0000
0.0000
0.1742
0.1483

0.0863 -

0.0747
0.0444
0.0275
0.0270

0.0000

1979

0.0000

0.0000.

0. 2449
0.4232
0.1087
0.0720
0.0955
0.0282
0.0280
0.0000

1980

0.0000
0.0000
0.0016
0.1142
0.1738
0.2285
0.2364
0.2049
0.2000
0.0000

1981

0. 0000
0.0000
0.0160
0.1225
0.3882
0.2251
0.0948
0.0580
0.1300
0.,0000




Table 5.--Age specific maturity for ages 1-12 for eastern Bering Sea Pacific herring [ Naumenko (1979)].

) Age group
Year 1 2 3 4 5 6 7 8 9 10 11 12
1959 0.000 0.029 0.338 0.856 0.965 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1960 0.000 0.029 0.338 0.701 0.965 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1961 . 0.000 0.029 0.338 0.701 0.897 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1962 0.000 0.000 0.326 0.874 0.990 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1963 0.000 0.050 0.189 0.451 0.750 0.985 1.000 1.000 1.000 1.000 1.000 1.000
1964 0.000 0.038 0.500 0.777 0.950 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1965 0.000 0.027 0.338 0.745 0.916 0.998 1.000 1.000 1.000 1.000 1.000 1.000
1966 0.000 0.025 0.338 0.789 0.935 0.997 1.000 1.000 1.000 1.000 1.000 1.000
1967 0.000 0.023 0.339 0.833 0.954 0.998 1.000 1.000 1.000 1.000 1.000 1.000
1968 0.000 0.021 0.339 0.877 0.973 0.999 1.000 1.000 1.000 1.000 l1.000 1.000
1969 0.000 0.020 0.460 0.930 0.280 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1970 0.000 0.038 0. 390 0.920 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1971 0.000 0.055 0.170 0.920 0.996 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1972 0.000 0.073 0.030 0.950 0.986 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1973 0.000 0.090 0.250 0.780 0.960 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1974 0.000 0.108 0.690 0.970 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1975 0.000 0.180 0.660 0.940 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1976 0.000 0.060 0.740 0.920 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1977 0.000 0.085 0.653 0.910 0.989 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1978 0.000 0.037 0.495 0.815 0.943 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1979Y/ 0.000 0.059 0.427 0.856 0.965 0.999 1.000 1.000 1.000 1.000 1.000 1.000
1980 0.000 0.059 0.427 0.856 0.965 0.999 1.000 1.000 1.000 1.000 1.000 1.000
. 1981 0.000 0.059 0.427 0.856 0.965 0.999 1.000 1.000 1.000 1.000 1.000 1.000

1/ Pates for 1979-81 are assuned rates which are the 1959-78 average rates.

0T
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RESULTS AND DI SCUSSI ON

The results show a decreasing trend in abundance to a low in 1973 and
then an increasing to stable trend through 1981 (Tables 6 and 7). Esti nmat es
of total biomass ranged froma high of 1.73 milliont to a |low of 153 thousand
t. Estimates of spawning biomass ranged from 80 thousand t to 1.45 million t

The results confirmthat herring abundance was nmuch greater in the late
1960's than in the late 1970's and that a rapid decline occurred in the early
1970's, apparently due to overfishing, a series of weak year-classes (1968-71),
and the demise of the very strong 1957 and strong 1956 and 1958 year-cl asses.

Exami nation of abundance at age in recent years indicates the fishery
has been supported by the 1972-74 year-classes. It appears that the 1975 year-
class was extrenely weak, and the 1976 only slightly better, while the 1977
year-cl ass appears to be of the same order of magnitude as those in 1972-75.
Abundance of the 1978 year-cl ass appears to be weak based on 1981 catches of
age 3 fish and the assunmption that 43% of the year-class recruited to the
spawni ng popul ation. Adjusting the 1981 observed frequency of age 3 herring
in ADFG test net sanples by the | owest observed nmaturation at age 3 (3% in
1972, Table 5) results in an estinmate of abundance about equal to the 1977
year-cl ass which means that the 1978 year-class could be significant in comng
years. However, length-frequency data collected by U S. observers indicated
an increase in the mean length of herring in the second half of 1981 which
supports the possibility of reduced age 3 abundance (Table 8).

The abundance estimates resulting fromthis anal ysis should not be con-
sidered to be absolute because of the uncertainty of natural nortality rates.
The natural nortality rates utilized are very low with respect to rates recorded
in southeastern Alaska (Skud 1963) and British Columbia (Tester 1955). The use

of lower than actual natural nortality rates in cohort analysis produces |ow



Table 6.--Estimted nunbers (billions),
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by age group, for

Pacific herring in

the eastern Bering Sea, 1959-81
Age 1959 1960 1961 1962 1963 1964 1965 1966 1967
1 4.139 1.183 0.966 0.570 2.453 0.573 0.319 0.285 0.440
2 8.264 3.223 0.922 0.752 0.442 . 1.911 0.447 0.248 0.222
3 1.842 6.429 2.509 0.717 0.565 0.343 1.488 0.347 0.193
4 0.348 1.413 4.993  1.949 0.542 0.428 0.266 1.156 0.270
5 0.243 0.299 '1.194 4.241 1.659 0.454 0.365 0.226 0.991
6 0.136 0.198 0.247 0.967 3.457 1.374 0.376 0.301 0.187
7 0.052 0.102 0.150 0.184 0.722 2.665 1.090 0.295 0.234
8 0.037 0.037 0.074 0.107 0.123 0.521 1.973 0.810 0.219
9 0.004 0.021 0.024 0.048 0.068 0.075 0.359 1.367 0.561
10 0.000 0.002 0.013 0.013 0.027 0.040 0.047 0.228 0.865
Sum 15.065 12.906 11.091 9.548 10.057 8.385 6.730 5.264 4.182
Age 1968 1969 1970 1971 1972 1973 1974 1975 1976
1 1.753 0.313 0.266 0.288 0.147 0.688 0.862 1.219 0.053
2 0.342 1.363 0.244 0.207 0.224 0.114 0.535 0.669 0.946
3 0.173 0.253 0.943 0.189 0.154 0.172 0.073 0.386  0.517
4 0.149 0.107 0.154 0.588 0.135 0.078 0.110 0.047 0.278
5 0.231 0.090 0.079 0.059 0.372 0.062 0,050 0.079 0.039
6 0.812 0.160 0.062  0.044 0.024 0.198 0.044 0.029 0.061
7 0.145 0.468 0.091  0.030 0.008 0.017 0.123 0.022 0,013
8 0.172 0.085 0.209 0.043 0.004 0.006 0.012 0.072 0.009
9 0.149 0.096 0.033 0.093 0.002 0.002 0.004 0.006 0.041
10 0.348 0.070 0.041  0.011 0.004 0.000 0.001 0.000 0.003
Sum 4,273 3.006 2.122 1.552 1.073 1.336 1.814 2.529 1.962
Age 1977 1978 1979 1980 1981
1 0.136 0.871 0.059  0.000 0.000
2 0.041 0.106 0.679 0.046 0.000
3 0.693 0.032 0.082 0.528 0.036
4 0.375 0.503 0.021 0.050 0.411
5 0.158 .0.315 0.373  0.012 0.039
6 0.032 0.106 0.242 0.280 0.008
7 0.049 0.025 0.078 0.179 0.177
8 0,009 0.036 0.018 0.053 0.106
9 0.006 0.006 0.024 0.012 0.030
10 0.024 0.000 0.000 0.000 0.000
Sum 1.524 2.000 1.160 0.B06

1.576
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Table 7.--Estimated biomass (1,000 t) of Pacific herring in the eastern Bering
Sea by age group, total biomass, and spawning biomass, 1959-81.

Age 1959 1960 1961 1962 1963 1964 1965 1966 1967
-------------------- 1,000 t =-m—mccmcc—cca—aa————
1 257, 74, 60. 35, 152. 36. 20. 18.  27.
2 790. 308. 88. 72. 42. 183. 43. 24.  21.
3 238. 829. 324. 93. 73. 44. 192. 45. 25,
4 57. 230. 811. 316. 88. 70. 43. 188.  44.
5 48. 59. 234. 830. 325. ©  89. 72. 44. 194.
6 3l. 45. 57. - 222. 793. 315. 86. 69.  43.
7 14. 27. 39, 48. 190. 700. 286. 78. 61.
8 11. 11. 22. 32. 36. 154. 584. 240.  65.
9 1. 7. 8. 16. 22. 25. 118. 451. 185.
10 0. 1. 5. 5. 10. 14. 17. 83. 314.
Sum 1,446. 1,589. 1,647. 1,669. 1,731. 1,630. 1,46l. 1,238. 979.
SpeB. 255, 597, 1,020. 1,45l1. 1,338. 1,376. 1,255. 1,125. 899.
Age 1968 1969 1970 1971 1972 1973 1974 1975 1976
1 109. 19. 16. 18. 9. 43. 54. 76. 3.
2 33. 130. 23. 20. 21. 11. 51. 64.  90.
3 22. 33. 122. 24. 20. 22, 9. 50. 67.
4 24, 17. 25, 95. 22. 13. 18. 8.  45.
5 45. 18. 16. 12. 73. 12. 10. 15. - 8.
6 186. 7. 14. 10. 5. 45. 10. 7. 1l4.
7 38. 123. 24. 8. 2. 4. 32. 6. 3.
8 51. 25. 62. 13. 1. 2. 3. 21. 3.
9 49. 32. 11. 3l. 1. 1. 1. 2. 4.
10 126. 26. 15. 4. 2. 0. 1. 0. 1.
Sum 684. 459, 328. 234. 156. 153. 189. 248. 248.
Sp.B. 524. 293. 213. 170. 106. 80. 87. 103. 139.
Age 1977 1978 1979 1980 1981
1 8. 54, 4. 0. 0.
2 4.  10. 65. 4. 0.
3 89. 4. 1. 68. 5.
4 61 82. 3. 8. 67.
5 3. 62. 73. 2. 8.
6 7. 24. 55. 64. 2.
7 13. 7. 20. 47. 46.
8 3. 11. 5. 16. 3l.
9 2. 2. 8. 4. 10.
10 9. 0. 0. 0. 0.
Sum 227. 255. 245, 214. 168.
Sp.B. 179. 171. 171. 169. 156.

Sp.B. = Spawni ng bi omass.
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Table 8.--Trend of Pacific herring mean fork length and nodal |ength
inthe foreign trawl fishery in the eastern Bering Sea, 1976-77

to 1981.

Number

Mean of

Year . fork length Mode fish
1976-77 23.42 24 1,981
1977-78 24.31 24 . 7,981
1978-79 25.71 26 3,175
1979-80 25.81 25 4,874
1980-81 25.90 26 4,564

1981- 27.12 27 1,867
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estimates of abundance; therefore, the results presented should be considered
m ni mum estimates of abundance, since it is likely that natural nortality rates
are sonmewhat higher. The fit of estimated nunbers-at-age from cohort analysis
to 1979-80 maturity adjusted ADFG test fishing sanples was good (Table 9).

The nunmber of fish at age conputed by the cohort analysis is nore dependent

on Mthan the termnal F values in these years, therefore, differences

bet ween cal cul ated and observed values would be due to errors in natura
mortality estimates. The only severe discrepancies were for the 1976 year-
class at ages 3 and 4 which appears to be due to underestimation of the rate
of maturation. The observed and cal cul ated frequency of age 6 in 1979 al so
differed, but the reason is unclear. These conparisons indicate that natura

mortality rates for fully recruited fish are near those used in the analysis.
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Table 9.--Comparison of cohort analysis estimated nunber of Pacific herring by

age in percentage to test fishing sanples collected on the spawni ng

grounds.
1979 1980 1981

Age Observedl/ Calculated Observed Calculated Observed Calculated
2 36.0 44.8 | - -- B —

3 22.0 5.4  46.6 47.4 a4 4.6

4 3.0 1.4 10.3 4.5 ‘ 51.0 51.2

5 24.6 24.6 1.4 1.1 4.8 4.8

6 6.4 16.0 21.5 25.1 . 1.0 1.0

7 6.9 5.1 13.7 16.1 ‘ 21.9 21.8

8 .2 1l.2 ' 5.7 4.8 13.1 13.1

9 1.0 1.6 .9 , 1.1 3.7 3.7

|/ Nunber at age from each fishing district was weighted by district proportion

of total sanple size and sunmed over all areas. Total nunber of age 2
were divided by 0.06 (average proportion nature at age 2), age 3 by 0.43,
age 4 by 0.86, and age 5 by 0.97. Percentages were conputed fromthis
adj usted distribution.
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